Ashorter phase angle between habitual wake time and underlying circadian rhythms has been reported in evening types (E types) compared to morning-types (M types). In this study, phase angles were compared between 12 E types and 12 M types to verify if this difference was observed when the sleep schedule was relatively free from external social constraints. Subjects were selected according to their Morningness-Eveningness Questionnaire score (MEQ score). There were 6 men and 6 women in each group (ages 19-34 years), and all had a habitual sleep duration between 7 and 9 h. Sleep schedule was recorded by actigraphy and averaged over 7 days. Circadian phase was estimated by the hour of temperature minimum (T min ) in a 26-h recording and by the timing of the onset of melatonin secretion (dim-light melatonin onset [DLMO]) measured in saliva samples. Phase angles were defined as the interval between phase markers and averaged wake time. Results showed that, in the present experimental conditions, phase angles were very similar in the 2 groups of subjects. However, results confirmed the previously reported correlation between phase and phase angle, showing that a later circadian phase was associated with a shorter phase angle. Gender comparisons showed that for a same MEQ score, women had an earlier DLMO and a longer phase angle between DLMO and wake time. Despite a significant difference in the averaged circadian phases between E-type and M-type groups, there was an overlap in the circadian phases of the subjects of the 2 groups. Further comparisons were made between the 2 circadian types, separately for the subgroups with overlapping or nonoverlapping circadian phases. In both subgroups, the significant difference between MEQ scores, bedtimes, and wake times were maintained in the expected direction. In the subgroup with nonoverlapping circadian phases, phase angles were shorter in E-type subjects, in accordance with previous studies. However, in the overlapping subgroup, phase angles were significantly longer in E types compared to M types. Results suggest that the morningnesseveningness preference identified by the MEQ score refers to 2 distinct mechanisms, 1 associated with a difference in circadian period and phase of entrainment and the other associated with chronobiological aspects of sleep regulation.
Morningness-eveningness refers to individual preferences in the timing of daily activities. This characteristic is usually evaluated with a questionnaire, the most widely used being the Morningness-Eveningness Questionnaire (MEQ) of Horne and Östberg (1976) . Scores on the MEQ vary from 16 to 86 and approximate a normal distribution in the population (Posey and Ford, 1981) . High scores (59-86) identify morning-type individuals (M types), low scores (16-41) correspond to evening types (E types), and scores from 42 to 58, found in more than 60% of the population, refer to an intermediate type ("neither types") . Compared to E types, M types tend to adopt an earlier sleep schedule and to present earlier diurnal peaks of alertness and performance (Foret, 1982; Kerkhof, 1991; Lack and Bailey, 1994; Cicogna, 1996, 2002) . Physiological markers of the endogenous circadian rhythmicity, including body temperature and melatonin secretion rhythms, also show an earlier phase in M-type individuals compared to E types (Lack and Bailey, 1994; Duffy et al., 1999; Baehr et al., 2000; Bailey and Heitkemper, 2001 ). An interaction between morningness-eveningness and gender is possible since higher MEQ scores and earlier circadian phases have been reported in women compared to men (Tankova et al., 1994; Gibertini et al., 1999; Baehr et al., 2000; Adan and Natale, 2002) .
Since sleep propensity is largely under circadian control (Strogatz et al., 1986; Dijk and Czeisler, 1994; Lavie, 2001) , it could be expected that M types and E types go to bed and wake up at the same circadian time. Contrary to these expectations, however, studies have reported that E types wake up at an earlier circadian time compared to M types (Kerkhof, 1991; Duffy et al., 1999; Baehr et al., 2000) . Therefore, the phase angle, defined as the interval between the trough of the temperature rhythm and habitual wake time, was shorter in E types compared to M types in these studies. Similarly, Liu et al. (2000) found that both melatonin peak and sleep propensity onset occur later in relation to the sleep episode in E-type individuals, also resulting in a shorter phase angle compared to M types.
Patients suffering from delayed sleep phase syndrome (DSPS) can be considered as very extreme E types (Weitzman et al., 1981; Regestein and Monk, 1995; Terman et al., 1995) . Differences in phase angles were also found in these patients compared to normal controls. In contrast to E types, however, DSPS patients were reported to wake up at a later circadian phase and thus to have a longer phase angle when compared to healthy control subjects (Ozaki et al., 1996; Shibui et al., 1999; Uchiyama et al., 2000) . From another perspective, aging is associated with a transition toward morningness (Tankova et al., 1994; Carrier et al., 1997) , but older people were shown to wake up at an earlier circadian phase and thus to have a shorter phase angle, in opposition to the characteristics associated with morningness in young people (Duffy et al., 1998; Duffy et al., 1999) .
A possible explanation for these contrasting observations could be the differences in the constraints placed on the sleep schedule in these populations. Social constraints are quite different for E-type and Mtype individuals. E types usually have to go to bed and to wake up earlier than what they would do spontaneously. Conversely, M types tend to delay their bedtime to meet their social needs (Ishihara et al., 1988; Taillard et al., 1999; Bailey and Heitkemper, 2001; Roenneberg et al., 2003) . Social pressures may therefore have contributed to the presence of the shorter phase angle reported in E types compared to M types. These social constraints could be smaller for DSPS patients who have such a late circadian phase that they may give up trying to adjust to a socially acceptable schedule. Older individuals may have fewer social constraints in the evening and therefore less pressure to delay their bedtimes compared to younger people. These observations suggest that to explore differences in phase angles between M types and E types, they must be recorded when the sleep schedule is chosen with minimal external social constraints. If this is not done, the results are biased.
The aim of this study was to compare the temporal relationship (the "phase angle") between sleep schedule and circadian phase in M-type and E-type subjects. Great care was taken to ensure that subjects were free to adopt a sleep schedule as spontaneous as possible. Under these conditions, a difference in phase angle was expected to reflect a physiological difference in the regulation of the sleep-wake cycle in association with morningness-eveningness instead of a direct influence of external social constraints.
METHODS

Subjects
M-type and E-type volunteers, ages 19 to 34 years, were recruited using a French version of the Horne and Östberg (1976) questionnaire. A total of 24 subjects completed the study, including 12 M types (MEQ scores 59-71) and 12 E types (MEQ scores 27-40). There were 6 women and 6 men in each group. Age was similar in the 2 groups (M types: 24.7 ± 1.5 years; E types: 23.4 ± 0.7 years). Most subjects were students without a summer job (11 E types and 7 M types); the others were between jobs (2 M types), worked in the afternoon (1 E type), or worked at home with their own schedule (3 M types). One subject in each group had young children at home.
All selected subjects had a habitual sleep duration of 7 to 9 h, as assessed by questionnaires and 7 days of a sleep diary at screening. Volunteers with a large dayto-day variability in their sleep schedule (more than 2 h) were excluded from the study. Subjects had no sleep or vigilance complaints, and screening polysomnography confirmed the absence of sleep disorders. All subjects were in good physical and psychological health, as assessed by questionnaires and interview. Volunteers with night work experience in the past year or transmeridian travel in the past 3 months were excluded. All subjects were nonsmokers and reported not using drugs or medications, except oral contraceptives in 5 women (3 M types and 2 E types). Women not using hormonal contraception were studied during the follicular phase of their menstrual cycle. Each subject signed an informed consent form approved by the hospital's ethics committee and received financial compensation.
Procedures
For the study, individual sleep schedules were determined according to each subject's preferred bedtime and wake time. Criteria for these preferences included sleep schedules adopted on free days in the 1-week screening sleep diary and preferred wake time and bedtime reported in the MEQ. The final decision for the study sleep schedule was made after discussion with the subject to ensure that it was as close as possible to the schedule that he or she would spontaneously adopt. Since all volunteers with very irregular schedules were excluded from the study, the selected study sleep schedules were always close to the habitual sleep schedules of the subjects. The study was conducted in the summer, at a time when the subjects were free to choose a sleep schedule without external work/school constraints. Target bedtimes and wake times (± 30 min) were determined for a sleep duration of about 8 h, with a permitted range of 7 to 9 h. Subjects were requested to follow their selected sleep schedule for 7 days prior to laboratory admission and not to engage in any activity that would affect their sleep schedule. Compliance was verified by sleep diaries and by 24-h ambulatory measures of activity and light exposure (Actiwatch-L, Mini-Mitter Co., Bend, OR).
Circadian phase was estimated in the chronobiology laboratory using 2 markers: core body temperature minimum (T min ) and dim-light melatonin onset (DLMO). Subjects were admitted to the laboratory 4 h before their scheduled bedtime. Temperature recording started on admission and continued for the next 26 h. Temperature was measured with a disposable rectal probe (Yellowspring Co.) and recorded every minute with a portable monitor (Mini-Logger, Mini-Mitter Co., Bend, OR). During the night, subjects slept for 8 h according to their individual sleep schedule. Temperature data were smoothed by averaging the values every 10 min and fitted with a 24-h cosine curve (cosinor analysis; Nelson et al., 1979) . T min was the clock time of the trough, and temperature amplitude was half the difference between the peak and trough of the fitted cosine curve.
To determine the onset of melatonin secretion, saliva samples were collected every half hour on the 2nd day, starting 5 h before scheduled bedtime (total of 11 samples). Saliva was collected in dim light (< 15 lux) using the Salivette devices (Sarstedt, Inc.), centrifuged, and immediately frozen. During sampling time, subjects were seated and allowed to do quiet activities such as reading and watching TV. Melatonin concentration in the saliva was determined in duplicate using direct radioimmunoassay with a 125-iodine tracer (Bühlmann Laboratories AG, Switzerland). Intra-assay coefficients of variation (CVs) were lower than 10% and interassay CVs lower than 13%. The reported minimum detectable concentration of melatonin for the assay is 0.65 pg/mL. DLMO was found by interpolation, with the onset being defined as twice the minimum detection limit of the assay (i.e., 1.3 pg/mL) when followed by a further increase in melatonin concentration (Deacon and Arendt, 1994) .
Data Analysis
For each of the 7 days preceding the admission, bedtime and wake time were estimated as precisely as possible using both the subject's sleep diary and the output of activity and light ambulatory recordings. For each subject, the estimates were then averaged over the 7 days. Phase angles were defined in relation to wake time. For temperature, phase angle (T angle ) was defined as the interval between T min and averaged wake time; for melatonin, phase angle (DLMO angle ) was the interval between DLMO and averaged wake time. Because of the possibility of an interaction between morningness-eveningness and gender, all statistical comparisons were conducted with groupby-gender (2 × 2) ANOVAs. Relationships between variables were quantified with Pearson correlations. Statistical significance was set to 0.05.
RESULTS
Comparisons between M-Type and E-Type Subjects
Sleep schedules are shown in Table 1 . Wake times and bedtimes were significantly different between the 2 groups. On average, bedtime was about 2.5 h earlier and wake time 2.8 h earlier in M types than in E types. Sleep duration was similar in the 2 groups. DLMO was observed before bedtime in all participants. Because of missing data, temperature recordings were not usable in 2 M-type men, reducing the number of subjects in all analyses that include temperature data. Circadian phases were significantly earlier in M types than in E types, with a difference of 2.7 h for DLMO and 2.0 h for T min . Mean phase angles were very similar in M-type and E-type subjects (Table 1) . They differed by only 4 min when using DLMO and by 47 min when using T min . DLMO to bedtime intervals were 2:49 h (± 23′) and 2:39 h (± 15′) in M types and E types, respectively. Amplitude of the temperature rhythm was also similar in the 2 groups (Table 1) .
Circadian Phase and Sleep Schedule
The phase markers were significantly correlated with the timing of the sleep schedule (p < 0.001 for all correlations). DLMO was correlated both with habitual wake time (r = 0.75) and habitual bedtime (r = 0.84). A similar association was found between T min and wake time (r = 0.80) and between T min and bedtime (r = 0.81). An association between sleep duration and phase angle was also found, showing that a longer sleep duration tended to be associated with a longer phase angle. This correlation was significant when phase angle was calculated with DLMO (r = 0.60, p < 0.01) and approached significance when calculated with T min (r = 0.39, p = 0.07).
Association between Circadian Phases and Phase Angles
It was not possible to compute correlations between MEQ scores and phase angles since our selection criteria produced a discontinuity in the distribution of MEQ scores. However, circadian phases showed a distribution that was both continuous and normal. A later circadian phase was significantly correlated with a shorter phase angle. For melatonin data, the correlation between DLMO and DLMO angle was significant when computed on all 24 subjects (r = -0.55, p < 0.01). The same correlation was also high when computed within the M-type group (r = -0.90, p < 0.001) and within the E-type group (r = -0.68, p < 0.01). When using available temperature data, the correlation between T min and T angle approached statistical significance for the 22 subjects (r = -0.37, p = 0.09) and was significant within both the M-type (r = -0.81, p < 0.01) and E-type (r = -0.74, p < 0.01) groups. Correlations between phase markers and their respective phase angles are illustrated in Figure 1 . Regression fittings showed that the general relationship between circadian phase and phase angle was similar for both M-type and E-type subjects, with a later circadian phase associated with a shorter phase angle. However, the scatter plots also illustrate that the phase angles predicted by a given circadian phase were different between the 2 circadian types. For example, according to the regression formulas, a Mtype subject having a DLMO at 22:00 h should wake up approximately 9.5 h later, whereas an E-type subject with the same DLMO would show a longer phase angle of about 11.6 h as a result of a later sleep schedule. Therefore, in our experimental conditions, the relationship between circadian phase and phase angle gave 2 contrasting results: M-type and E-type groups had significantly different circadian phases but similar phase angles, while there was a significant correlation between circadian phase and phase angle.
Overlapping versus Nonoverlapping Circadian Phases
Despite the significant difference between the 2 groups, there was a large overlap in the circadian phases of E-type and M-type subjects. In an attempt to understand the apparent contrasts in the results, further comparisons were made between the 2 circadian types, separately for those with overlapping and with nonoverlapping circadian phases. To make these comparisons, the subjects were divided into 2 subgroups, each including the same number of M-type and E-type subjects. The 6 M-type subjects with the earliest DLMOs (range = 17:25-20:59) and the 6 E-type subjects with the latest DLMOs (range = 23:57-01:35) were included in the subgroup of nonoverlapping phases. The remaining 12 subjects with intermediate DLMOs (21:07-23:04) were included in the subgroup of "overlapping" circadian phases (M types: 21:07-23:03; E types: 21:18-23:04). To make this selection, DLMO was preferred to T min as a phase marker because masking effects were expected to be larger for T min than for DLMO in our recording conditions and because T min was missing for 2 subjects. In the subgroup of nonoverlapping phases, E types included more men and tended to be younger (ages 21.8 ± 0.3 years) than M types (ages 26.2 ± 2.1 years; p = 0.07). None of the subjects had children at home. In the subgroup with overlapping phases, E types included more women than M types (see Table 2 ), but age was similar (23.3 ± 2.2 years vs. 25.0 ± 1.2 years, respectively). Both M types and E types included 1 woman with young children at home.
Results are presented in Table 2 ; t-tests were used within each subgroup to compare sleep and circadian variables between M types and E types. Due to the subgroup selection, circadian phases were very similar between M-type and E-type subjects in the overlapping subgroup but differed by 4 to 5 h in the nonoverlapping subgroup. In both subgroups, M types had significantly higher MEQ scores and earlier bedtimes and wake times compared to E types. However, sleep duration tended to be longer in E types included in the overlapping subgroup (p = 0.06) but not in those of the nonoverlapping subgroup. Temperature amplitude tended to be lower in M types than in E types of the nonoverlapping subgroup (p = 0.08), but there was no difference between M types and E types with overlapping phases.
In the subgroup with nonoverlapping phases, DLMO angle was significantly longer in M-type subjects compared to E-type subjects. A nonsignificant difference in the same direction was observed for T angle (Table 2) . This is in contrast with the results observed in the subgroup with overlapping phases in which both phase angles were significantly shorter in M types compared to E types. These differences are illustrated in Figure 2 . 
Gender Differences
MEQ scores were similar between men and women (Table 3) . Sleep duration was also similar. However, sleep schedule tended to be later in the men, especially for bedtime. There was a significant main effect of gender for the circadian phase estimated with DLMO (F 1,20 = 8.90, p < 0.01) and for DLMO angle (F 1,20 = 5.86, p < 0.05). As shown in Table 3 , DLMO was 1.6 h earlier and DLMO angle 1.1 h longer in women compared to men. Similarly, the DLMO to bedtime interval was longer in women (3:10 ± 10′) than in men (2:17 ± 23′; p < 0.05). The same tendencies, but not statistically significant, were observed in analyses using T min (data missing for 2 men). Temperature amplitude tended to be larger in men than in women.
DISCUSSION
In this study, M-type and E-type subjects were studied in a situation in which their sleep schedule was relatively free of social constraints. Contrasting results were found regarding the phase relationship between circadian phase and habitual wake time in relation to morningness-eveningness. On one hand, our results confirmed previous reports showing an association between a later circadian phase and a shorter phase angle. On the other hand, M-type and E-type groups showed identical phase angles despite having significantly different circadian phases.
Inspection of M types and E types with or without overlapping circadian phases (Table 2 and Fig. 2 ) may help us understand the apparent paradox in the results. When comparisons were conducted only between M-type and E-type subjects with the nonoverlapping circadian phase (as it was specifically done in Kerkhof, 1991, study) , a longer phase angle was found in M types, in accordance with previous reports (Kerkhof, 1991; Duffy et al., 1999; Baehr et al., 2000; Liu et al., 2000) . However, when M types and E types with overlapping circadian phases were compared, bedtimes and wake times were still significantly different, in the range expected for morning and evening subjects, despite a similar circadian phase. This resulted in a significant difference in the phase angles, but this time it showed a shorter phase angle in M types compared to E types. This is the first time that such an observation has been reported in morningness-eveningness. It seems, therefore, that ± 22′) in the subgroup with nonoverlapping phases (p = 0.05) but was shorter in M types (1:58 ±17′) than in E types (3:04 ± 15′) in the subgroup with overlapping circadian phases (p = 0.02). See Table 2 for phase angles in relation to wake time.
the MEQ identifies correctly the individual preference for morning or evening activity but that this preference refers to 2 different circadian patterns. In 1 case (as in the nonoverlapping subgroups), this preference is closely linked to the endogenous circadian phase, as it is usually expected. But in the other case (as in the overlapping subgroups), this preference is independent of the endogenous circadian phase and should be related to some other characteristic of the regulation of the sleep-wake cycle. The longer phase angle in the "nonoverlapping" M types is consistent with the negative correlation found between circadian phase and phase angle. Such a correlation has been reported before (Martin and Eastman, 2002) . It cannot be due to a dichotomy in the circadian physiology of M types and E types since the correlation was even stronger when computed within the M-type and E-type groups. A number of reasons may explain this association between circadian phase and phase angle. As mentioned earlier, the most obvious reason relates to social constraints. However, in the present study, great care has been taken to ensure that subjects were sleeping at their preferred time of day, relatively free from external social constraints. It cannot be totally excluded that the choice of the study sleep schedule was affected by some unspecified external influences. However, a more likely possibility would be that the different circadian phases of the "nonoverlapping" M types and E types reflect different endogenous periods. In a study where both phase and period were estimated in 9 subjects, a strong correlation (r = 0.72) was found between the 2 circadian parameters (Duffy et al., 2001) . In both animals and humans, mechanisms of entrainment are consistent with the prediction that individuals with shorter peri-ods will have circadian phases earlier within their sleep-wake/light-dark cycle, resulting in a longer interval between circadian phase and wake time (Pittendrigh and Daan, 1976; Aschoff, 1981; Lewy et al., 2001; Roenneberg et al., 2003) . Our results suggest that this mechanism of entrainment was at work in both M-type and E-type subjects.
M types and E types of the overlapping subgroup had similar circadian phases but different phase angles. A shorter phase angle in M types compared to E types having a similar circadian phase has never been reported before. However, it is reminiscent of the results reported in Duffy et al. (1999) concerning the comparisons between younger and older subjects. Analogously to the characteristics of our "overlapping" M types, their older subjects had a shorter phase angle and a shorter sleep duration compared to the young subjects. The circadian phase (T min ) of their older M-type subjects was also relatively late (05:18) for morning types but similar to the T min of our "overlapping" M types (05:06). The authors suggested that the chronobiological features associated with selfreported morningness are quite different in young and older subjects. We suggest that such differences in chronobiological features are not exclusive to aging but can also be observed in younger subjects. The nature of this difference is still unknown in the elderly, but it could be related to a change in the interaction between homeostatic and circadian processes of sleep regulation (Duffy et al., 1998; Dijk and Duffy, 1999) .
A similar interpretation may apply to our results. For example, a faster decline of the homeostatic sleep pressure (or sleep need) during sleep would be consistent with the observation that M types of the overlapping subgroup tended to have a shorter sleep duration than E types. Such a mechanism would also explain the positive correlation between phase angle and sleep duration because if sleep pressure decreased more rapidly, then awakening is expected to happen at an earlier circadian phase. Conversely, a faster buildup of the homeostatic sleep pressure during waking would be consistent with a sleep onset closer to DLMO since sufficient sleep pressure would be accumulated at an earlier circadian time. This interpretation is supported by a recent study in which M types were shown to have a faster buildup of subjective sleepiness and a shorter time constant in the increase of sleep pressure, represented by theta-alpha activity in the waking EEG, compared to E types (Taillard et al., 2003) . However, further studies will be necessary to determine the nature of the mechanisms 254 JOURNAL OF BIOLOGICAL RHYTHMS / June 2004 involved and to establish their analogy with agerelated processes. We found significant differences between men and women. Both men and women had the same entrained sleep-wake schedule and similar MEQ scores, but women had an earlier circadian phase and thus a longer phase angle compared to men. In other words, for a given circadian phase, women seem to go to sleep and wake up later compared to men. An earlier circadian phase in women has already been reported in previous studies (Gibertini et al., 1999; Baehr et al., 2000) , and a longer phase angle in women has also been observed (Baehr et al., 2000) . Women also tended to have a longer sleep duration than men, which has also been reported in other studies (Carrier et al., 1997; Roenneberg et al., 2003) . It is therefore possible that a gender difference exists in the regulation of the sleepwake cycle, similar to the difference observed between circadian types with overlapping circadian phases. In fact, in the subgroup of subjects with overlapping circadian phases, most E types were women, whereas M types were mostly men ( Table 2 ). The number of subjects in each subgroup is too small to make any definite conclusion, but since there was no significant interaction between circadian type and gender in our data, the effects of circadian type and gender on phase angle are expected to be additive and, more speculatively, to add also with those of aging.
Our findings indicate that some caution should be used before assuming that M types have a shorter phase angle than E types. It should be noted that not all studies found a difference in phase angles between the 2 chronotypes (Bailey and Heitkemper, 2001) and that the differences that were reported were not always very robust. For example, in Kerkhof's (1991) study, M-type and E-type phase angles were no longer different when using ambulatory wake times instead of laboratory ones, and in Duffy et al. (1999) , the difference was significant when using T min but fell short of statistical significance when using melatonin as phase marker. It is possible that variations between studies came in part from differences in the criteria used for subjects' selection. In our study, volunteers with high day-to-day variability (more than 2 h) in their sleep schedules or with habitual sleep duration longer than 9 h were excluded. These criteria led to the exclusion of many E-type individuals (no M type was excluded because of these criteria). Therefore, it is possible that our E-type subjects did not compare entirely with E types included in previous studies. Subjects' selection might also explain why there was no significant difference in temperature amplitude, but the tendency toward a larger amplitude in E types compared to M types in the subgroup of subjects with nonoverlapping circadian phases was consistent with previous observations (Baehr et al., 2000) . It is also possible that the chosen methodology in the present study caused a lack of precision in the phase estimates: DLMO estimates could have been distorted by unknown differences in the amplitude of melatonin secretion (Lewy et al., 1999) , and T min estimates were partly masked by the influence of sleep and posture (Duffy and Dijk, 2002) . However, it is unlikely that our results can be explained by those potential biases since the 2 phase markers gave consistent results and because both were within the ranges previously reported for M-type and E-type individuals (Kerkhof and Van Dongen, 1996; Hall et al., 1997; Duffy et al., 1999; Baehr et al., 2000; Griefahn, 2002) . We rather suggest that 2 types of mechanisms are simultaneously at work in the expression of morningness-eveningness, as assessed with the MEQ. These mechanisms have opposite effects on the relationship between circadian phase and the sleep-wake schedule, and their combined action can explain the absence of difference in the phase angles of our M-type and E-type groups. Our results further imply that the MEQ score is not a good predictor of the endogenous circadian phase, which is in accordance with the relatively low correlations previously reported between these 2 variables Baehr et al., 2000; Martin and Eastman, 2002) . They also indicate that, with a regular sleep schedule as the one used in our experimental conditions, a variation of 1 to 6 h can be expected when using wake time to predict circadian phase.
The observations reported in this study might help to elucidate some of the interindividual variations in the circadian regulation of the sleep-wake cycle in normals and in those with circadian disorders such as DSPS. If DSPS patients can be seen as extreme E types on the morningness-eveningness continuum, our results suggest that this continuum can run on 2 parallel paths: one related to an extremely late circadian phase and long endogenous period and another related to an abnormal phase angle caused by some deficiency in sleep-wake regulation. Clearly, these 2 sources of pathophysiology require the development of distinct treatment strategies.
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